Background: This study investigates changes of quality of life (QOL), physical activity (PA) and symptomatic status (NYHA) at one-year postcoronary artery bypass grafting (CABG). Methods: Of 568 patients undergoing a primary isolated CABG for stable angina (NYHA <IV) pre-and 1-year postoperative data on QOL, PA, and NYHA were complete. Studied outcomes were changes in QOL, EuroQoL questionnaire, PA, the Corpus Christi Heart Project criteria and NYHA. Analysis was based on three age groups. Group A, age <65 years: 285 patients, group B, 65-74 years: 210 patients, and group C, age !75 years: 73 patients. Results: There is a similar, significant decrease of NYHA class (1.4) for the three groups ( p < 0.0005). An overall significant improvement for QOL and PA is however different in the three subgroups. PA improvement is not significant in group C ( p = 0.74), significant in group B ( p = 0.005) and in group A ( p < 0.0005). For the QOL, group A shows a significant improvement for the five different domains, group B for two, and group C only for one domain. The visual analogue score as part of the QOL registration shows a significant increase for the three groups, however the improvement is minor with age, and between A (14.6) and C (9.1) this improvement is significantly different ( p = 0.047). Conclusions: Elderly patients have the same improvement of their symptomatic status as younger patients. However despite this improvement they have less benefit from CABG regarding to their quality of life and physical activity. #
Introduction
Improvements in survival and quality of life are the primary indications for coronary artery bypass grafting (CABG), and factors associated with survival post-CABG have been defined [1, 2] . Several models for risk stratification are described for mortality as for morbidity [3, 4] ; however only limited data are available to identify patients who improve or even patients who worsen their overall quality of life (QOL) or physical activity (PA) post-CABG. Certainly in the group of elderly patients, this is an important question. Their functional reserve capacity is limited, they have more comorbidity and their life expectancy is of course limited by age [5, 6] .
In a previous report we studied gender and PA, and concluded that the increase in PA is similar in both gender [7] . A point of criticism was that women were significantly older; in this study we analyze the same patient cohort for overall QOL, PA, and symptomatic status (NYHA) 1-year post-CABG, with special interest for elderly patients.
Patients and methods

Patients
With the aid of our database, Coronary Surgery Database Radboud Hospital (CORRAD), we identified 568 patients with stable angina (NYHA <4) undergoing a primary isolated myocardial revascularization between January 2002 and December 2004, of which pre-and one-year follow-up registration of QOL using the EuroQoL questionnaire, and physical activity, was complete [8, 9] . The EuroSCORE was used for risk stratification [3] On the basis of their age the total group was classified in three groups. Group A, age less than 65 years: 285 patients (50.2%), group B, with an age of 65 but younger than 75 years: 210 patients (37%) and group C, older than 74 years: 73 patients (12.9%).
Appendix A presents the studied pre-, peri-and postoperative variables and their definitions.
Physical activity and QOL
For the evaluation of QOL, the instrument was used. The EuroQoL instrument is a standardized non-disease-specific instrument for describing and valuing health-related quality www.elsevier.com/locate/ejcts European Journal of Cardio-thoracic Surgery 34 (2008) [1009] [1010] [1011] [1012] [1013] [1014] [1015] of life. For the purpose of data collection the EuroQoL instrument consists of two elements. The first element is a description of the respondent's own health by means of the EuroQoL classification. The respondent is required to rate his/her own health by checking three levels of severity; 'no problems (coded as 1), some or moderate problems (coded as 2) and severe problems or unable (coded as 3)', in each of five dimensions. These dimensions are: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Physical function is encompassed in the mobility and self-care dimensions, social function in the usual activities dimension and mental functioning can be assessed in the anxiety/ depression dimension. The second element is a rating of the respondent's own current health by means of a visual analogue scale (VAS). The patient marks his own current health state on a kind of thermometer, ranging from zero ('worst imaginable health state') to 100 ('best imaginable health state').
For assessing specific PA the criteria of The Corpus Christi Heart Project are used [8] . The five activity levels and their description are presented in Appendix A. The five levels are coded from 1, the worst, to 5, the best.
Surgical technique
Five hundred and forty-four patients (95.8%) were operated using standard cardiopulmonary bypass technique, aortic and right atrial (two stage) cannulation, hypothermia (28-32 8C) and myocardial protection using St. Thomas' Hospital cardioplegia. Twenty-four patients (4.2%) were operated off-pump without using cardiopulmonary bypass. Because this is only a small amount of patients we did not include off-pump as a variable in this study. For the patients operated with cardiopulmonary bypass, the mean time on the extra-corporal circulation (ECC-time) was 88.6 AE 33.0 min (range ) and the mean duration of aortic crossclamping (AoX-time) was 49 min (range 11-154). For the total group, there was a mean of 1.9 AE 0.3 grafts (range 1-3) and a mean of 3.2 AE 1.0 (range 1-7) distal anastomoses. Of all patients, 544 patients (94.2%) received at least one arterial graft.
Follow-up
The data result from our yearly-organized follow-up which is a written survey directly to the patients. This follow-up is approved by the local ethical and research council and participation in this follow-up is on a voluntary basis [10] .
Statistical analysis
Characteristics of patients are presented as percentage for dichotome variables, and as mean AE standard deviation, and range for numerical variables. Differences in percentages were tested with the chi-square test, and numerical variables were tested with the F-test (one way analysis of variance). Paired Student's t-tests were performed to examine the mean differences in QOL and PA between the groups. Statistical significance was assumed at p 0.05.
Results
Patient population
Between January 2002 and December 2004, 1104 myocardial revascularizations were performed. Based on our clinical inclusion criteria, primary isolated and NYHA <4, 861 patients were available for this study. This group had a mean EuroSCORE risk of 2.6 AE 2.1 (0-11) and a hospital mortality of 1.7% (95% CI 0.8-2.6) (15/861 patients). The mean EuroSCORE risk of the deceased patients was 6.1 AE 2.3 (2-11). Of 744 patients (86%) there was preoperative QOL information available. During the 1-year follow-up 8 patients died and 10 patients were lost for follow-up or refused follow-up. Of the remaining 726 patients, 67 patients were excluded because of incomplete preoperative QOL information and 91 because of incomplete follow-up QOL information. So the study population consisted of a group of 568 patients, with a mean age of 64.3 AE 9.04 (31-85) years, a mean NYHA class of 2.8 AE 0.38 (1-3), and a mean EuroSCORE of 2.6 AE 2.04 (0-10). Patients excluded because of incomplete QOL information had a mean EuroSCORE of 2.6 AE 2.12 (0-9).
Preoperative data
Due to the split of our patients population in different age groups, there is a significant difference ( p < 0.0005) in age between group A, B and C (Table 1) . Analysis also shows a significant increase of the percentage of women with the increase in age ( p < 0.0005). Furthermore there is no significant difference between the three groups concerning the registered comorbidity risk factors. Also the preoperative cardiac-related risk variables show no significant differences with the exception of the increase of the percentage of patients with a poor left ventricular function. From 1.4% in group A, 2.4% in group B and 5% in group C ( p = 0.05). It is interesting that both the NYHA class partitioning and the average NYHA are not significantly different between the three groups. Table 2 presents the preoperative QOL and PA data. The PA registration shows a significant difference in the level classification with an high percentage of patients from group C in the two lower levels, but also a high percentage of patients in the three lowest levels in group A ( p = 0.002). Also the mean PA level is significantly different between the three groups ( p = 0.02). The mean PA level in group B is significant higher versus group A ( p = 0.02) and versus group C ( p = 0.012). Group A versus C is however not significantly different ( p = 0.12).
There is no significant difference in the registered VAS between the three groups. Concerning the five fields of the EuroQoL registration, there is only a significant difference for anxiety/depression, where younger patients indicate significant more problems with anxiety/depression than the elderly ( p = 0.02).
Perioperative data
The perioperative data show no significant differences for different age groups except for the number of distal anastomoses and the use of arterial grafts. The number of distal anastomoses is significantly higher ( p = 0.016) in group C (3.4 AE 3.8) than in group A (3.1 AE 3.3) and group B (3.1 AE 3.4) ( p = 0.016). The percentage of patients that received at least one artificial graft was lower in group C ( p < 0.0005) ( Table 3) .
Postoperative data and follow-up variables
No statistical differences were found in the postoperative registered variables between the different groups except for the neurological ( p = 0.014) and gastrointestinal ( p = 0.009) complications. The percentage of patients with postoperative neurological complications was higher in group C (5.5%) than in group A (0.7%) and group B (1.4%), gastrointestinal complications were found more frequently in patients of group C (5.5%) than in group A (2.9%) and B (0.4%). Also pulmonary complications were seen more in group C (9.6%) than in group A (4.9%) and B (2.9%); however, this difference did not reach significance ( p = 0.065) ( Table 4) .
Patients of group C stayed longer in the intensive care and also their total hospital stay was longer than patients of group A and B although this difference was not significant (Table 4) . Table 5 shows our 1-year follow-up data on NYHA, QOL and PA for the total group. There is a statistical significant decrease of the average NYHA class, from 2.8 AE 0.3 to 1.5 AE 0.79 ( p < 0.0005). The VAS increased significantly from 62.9 AE 18.6 to 75.9 AE 17.6 ( p < 0.0005), and also for the five different QOL domains there is a significant improvement. The average PA of the total group increased significantly from 2.7 to 3.1 ( p < 0.0005).
This overall improvement in NYHA, QOL and PA is however different in the three subgroups (Table 6 ). In group A the significant improvement is general: NYHA, VAS and the five domains of the QOL and the PA. For Group B, there is a significant improvement of NYHA, VAS and PA as in group A, This trend continues in group C. Besides the significant decrease in NYHA, the increase of the VAS is the only significant variable ( p < 0.0005), but again less than in group A and B. For the different QOL domains, only the item daily activities reached significance ( p = 0.05) the four others did not. Also in addition the increase in PA was not significant ( p = 0.744).
Discussion
This study evaluated the impact of CABG on symptoms (NYHA), QOL and PA at one year after CABG, with special interest in the older patients. In our study, we compare three age groups, 75 years was the cut-off age for our oldest group, so 12.9% of the patients were included in this oldest group.
Patient characteristics
Only patients with NYHA III or lesser were included. In these patients the decision to operate can be taken in consideration and eventually patients' expectations concerning postoperative QOL and PA discussed. This in contrast to patients in NYHA = 4, whose operation indication is angina not responding to therapy and these patients have a greater chance to improve their PA and QOL due to an improvement of their NYHA class.
The total group of patients was divided into three age groups A, B and C. Between these three groups there was a significant increase in the percentage of women. It is known that women tend to be older than men at the time of operation [11] . The other studied preoperative risk factors show no statistical difference between the three groups.
There was no difference in the percentage of preoperative myocardial infarction, 3-vessel disease, and left main stenosis. The incidence of patients with a poor left ventricular function reached a significant difference between the three groups ( p = 0.05); however the number of patients (13/568) is so limited that no conclusion can be made.
The average angina class and the distribution of the classes were similar for the three groups. There was no significant difference for the VAS registration: however, a mean value of about 60 shows firstly and especially that the patients are not satisfied with their health state, but also that independent of age they all have the same evaluation of their health state, about 60% of what they expect of the best. For the five different fields of the EuroQoL registration there was no significant difference between the groups with the exception of a significant decrease of anxiety/depression from group A to C. The confrontation of young people with angina, cardiac problems and cardiac surgery has a larger mental by-effect on this younger group [12] . Physical activity shows a significant difference as well for the average PA as for the PA distribution. Older patients have a lower exercise capacity than younger, and also women have greater physical limitation related to stable anginal pain [13, 14] . It is striking however that group A has a significant lower PA than group B. Probably their mental attitude plays a role, or these young patients are more than the others (group B and C), advised preoperatively not to do larger efforts.
Peri-and postoperative data
There is a statistical significantly lesser use of an arterial graft in group C. The importance of an arterial graft is situated in the long-term event-free survival. Striking is the significant higher number of distal anastomoses in group C and this is despite the fact that the incidence of patients with three vessel disease was not different between the groups. A possible explanation is that, indeed unconscious, there are fewer patients with diffuse atherosclerosis resulting in more distal anastomoses. However a clear explanation for this higher number of distal anastomoses is not found.
The postoperative in-hospital morbidity is summarized in Table 5 . It is well known that older patients have more postoperative morbidity; certainly neurological and pulmonary but also gastrointestinal [5, 6] . IC stay and hospital stay is increasing with age; however the differences did not reach significance in the studied group. Probably because in this group only hospital survivors are included.
Follow-up data
For the total group there is a significant improvement for NYHA, PA, the VAS and the different domains of the EuroQoL registration (Table 6 ), which shows again the good results of CABG [1, 2, 15, 16] . The excellent results of CABG on angina are reflected by the significant decrease of the mean NYHA class in the three groups [1, 2] , with an equal mean change.
For physical activity there is a statistical significant improvement for groups A and B, but the improvement is lesser in group B (mean change 0.2 vs 0.5 in group A). The improvement in PA in group C does not result in a significantly higher follow-up PA ( p = 0.744).
The impact of age on physical activity is well known [5, 12, 16] . There are also significantly more women in group C [17, 18] ; however based on our previous report and an additional analysis comparing the increase of PA of both gender in group C (data not shown) we doubt the influence of gender on the lesser improvement of PA in the oldest group [7] .
For the different domains of the EuroQoL registration, there is a significant improvement for the five domains in group A. In group B, there is only a significant improvement for the domains daily activities and pain. The improvement for the other domains is not significant, and in group C only Table 6 Follow-up data for the different age groups the domain daily activities reaches statistical significance ( p = 0.05). This seems to be consistent with Jarvinen who concluded that patients aged more than 75 are likely to derive less benefit from CABG in terms of certain aspects of quality of life [13] . Besides the impact of age there are also significantly more women in group C probably resulting in less improvement in several fields of EuroQoL. Women are at risk of subjective cognitive difficulties, increased anxiety, decreased ability to perform tasks for daily living (IADL) and diminished work related activities (SF 36) [19, 20] . Another explanation for the lesser improvement in QOL is the significantly higher number of patients with postoperative neural complications in group C. A decrease in postoperative cognitive functioning is associated with diminished healthrelated QOL [21] . That only in group A the domain anxiety/depression improved significantly confirms the idea that this anxiety/ depression is related to the mental impact of the cardiac disease and operation in younger patients. This seems to be consistent with Rymaszewska et al. [22] and Vingerhoets [23] who stated that the drop in anxiety levels after surgery is more prominent in patients with high preoperative anxiety level patients.
That 'pain' is not significantly improving in the older group is probably due to the lower preoperative pain-registration in this older group. Kari reported that older patients report less bodily pain than younger [24] . Interesting is the persistent high score for postoperative pain, certainly for group A and B. We did not differentiate this pain in postoperative wound pain or recurrent angina or a simple sensation. However it is known that a lot of patients suffer from chronic post-CABG pain, and that higher age is a 'protective' factor regarding chronic post-surgery pain [25] .
Also striking is that with age, first the domains mobility and then self-care, respond less. Two domains where physical activity is needed, that is corresponding with the minor improvement of PA with age. But we must realize that with age also a lot of non-cardiac reasons, vascular pathology, arthritis, pulmonary problems, reduce patients' mobility.
Looking at the VAS registration, we see that there is a statistically significant higher VAS registration for the three groups. However, the improvement is lesser with age (group C is significantly less than group A). This VAS registration gives an impression of patients' own evaluation of his health state. The fact that there is a good effect of CABG on angina and there is an improvement of PA for the oldest group, is however not significant, but there is a significant improvement of the possibility to perform daily activities suggesting that these variables especially result in a higher VAS registration.
Limitations of the study
A point criticism in the methodology of our study is the conversion of physical activity, and the different domains of the EuroQoL and for the NYHA classification into a metric scale. This is however common in this kind of investigation.
Probably it would be more appropriate to use the Canadian Cardiovascular Society Classification for angina than the NYHA score. The use of the EuroQoL instrument and not the SF 16-score [20] is also a point of criticism; however our personal experience is that certainly in follow-up the EuroQoL has a higher and more complete response.
Other limitations are: the small number of patients, certainly in the older group and the limited follow-up (one year). Our patient selection means that only elective, stable patients are included. So our results cannot be generalized for the total population of patients undergoing myocardial revascularization. The suspicion that particularly low-risk patients complete the QOL information is inconsistent with the same EuroSCORE risk of this group of patients who were not included.
Another point is that we make no difference between PA limitation due to cardiac and peripheral vascular pathology, certainly in the older group. Also the information about cardiac rehabilitation programs is limited; 85% of the patients followed a rehabilitation program; however we were not informed about the level of these programs or the results [7] . We did not focus on psychosocial problems such as lack of companion and motivation or lack of mental energy and vitality. And lastly we do not include 'event' information that may eventually influence the PA or QOL, at one-year follow-up.
Conclusion
CABG is beneficial for relief of angina and improves QOL and the PA level. The improvements in VAS and PA are significantly lower with age. However the VAS improvement is still significant for the oldest patients. The relief of angina is constant with age. In the oldest patient group only the daily activities domain of the EuroQoL reaches significant improvement. The clinical implication is that based on the low improvement in EuroQoL and PA the decision to perform CABG on older patients should be reconsidered and related to the operative risk. However the improvement in VAS and the patient's perception of health status improvement is still significant for older patients and should also be taken into account.
